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Abstract — The distribution and behavior of heavy metals in stream water from non-rainfall periods and rainfall
event were investigated in the land basin of Busan Special management area. Based on mean of total concentra-
tions, Zn (25.99 pg/L) was the most abundant metal, whereas Co (0.131 pg/L) and Cd (0.041 pg/L) were the less
abundant. The concentrations of metals collected from the upper stream of Suyeong were higher than those from other
sites. The higher metal concentrations were related to intense industrial activities in the upper stream of Suyeong.
The order of the partition coefficient (K,) between particulate and dissolved phases, considering mean value, were:
Pb>Cr>Zn>Cu~Co>As~Cd>Ni. K, value for Pb were the highest, indicating its strong affinity for particle. Pb and
Cr were for the most part (>80%) in the particulate phase, whereas Ni, As, Cd were mainly associated with the dis-
solved phase. Additionally, particulate metals in stream water from rainfall event were higher than those from non-
rainfall periods. The Cu, Zn, Cd, Pb contamination degree using a geo-accumulation index (Igeo) was also increas-
ing in rainfall event. High metal concentration in particulate phase implied potential discharge of those contami-
nants from land-based sources, especially, the resuspension and mobility of deposited sediments by anthropogenic
inputs from the adjacent impervious surface area (e.g., road, concreate, roofs, etc.). These results indicate that road
dust in street around stream sources for the study area during rainfall event.

Keywords: Stream water(3}3157), Dissolved metal(-2-574 %), Particulate metal($] AHd 5-%), Stormwater
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TS AAARA Fead i 141 AxMEs (A, A,
TAAS A3 G2l Qs A, ti7 v sk 58 EEl
3407 {]¥tH(Carpenter[1925]; Iwasaki ef al.[2009]; Bentum
et al.[2011]). 7ot 31 Al vhekst el (<, dxhel =
715 72 7P (lability)e] & 25 E36H, o5 292>
A& (persistence), ©15d (mobility), &=°]2-d (bioavailability),
=74 (toxicitiy) % 130l 787 2 Al #ele] BHAAM &
L3 tF-oJX] 3L §lth(van Leeuwen et al.[2005]; Brooks et al.
[2006]; Bradac et al.[2010]; Gueguen ef al[2011]; Chakraborty
et al.[2014]; Frohne et al[2014]). %ol 5452 243 ¢
Ao FEEM, Aol 02 EAehe 4 52 5ol
A 7 AFAIES 7 AR ol F sk, drkiiel A
Fsto] A o2 B gt 2] F45-2 83l (solubility),
ARSI (binding affinity)el] Y& v S/ 44S 7
Rom, TN S8 U AV T4 A= ©s (transport),
HE-S-7d (reactivity), AJ+°]8-d (bioavailability) 2! 715 (fate)= ©]
deh=dl 853 2th(Honeyman and Santschi[1988]; Zhang et
al.[1994]; Ciffroy et al.[2009]).

Antg o7 @A I A28 (point source)} H]H A
(non-point source) 2% T3 4= lvh. AL HFulEAA,
SN, FAL 5 29=o] she] VeE THIER R
271 g 3lo] o, Aldel e Qo] o= A7) o
ol =3} 2 #e)7}t golslc(Carpenter et al.[1998]). 7d-9-&
“F(stormwater runoff)2} 2 H]H 2G-S EXJo]g Ul o]-2-3 el
o] Wglol whzt H2 X <ol 1914 AkAA e.dglo] FatEe] 9l
7] Wl 2] WEFo] IA YERITENovotny[1999]). T=gt
A FEAE AL A0 5o A AFOE oy
sH7}F S7Fek] wlstell A2|7) o et

LA 2 A1k Qlsto] 1M} obA| L sido] TR5s)

runoff(’-$-7%>), Busan Special management area(F-3+ S TH2]5%))

Elo] EF3 o] T EAlek e A kel F4%
TEE eAEZo] A-fErol sl GRSt It FHoE
eEle] = 9 Aol ot dkE ETHKim er al [2002]; Ra et
al.[2014]; Jeong et al[2019]). F$-fEFole 545 5 thFs
LAEAS T3 A2 (Yu er al[2012]; Kuusisto-Hjort and
Hjort[2013]; Memon et al.[2013]; Xu et al.[2013]), A2]FA] 9k
AR 3459 w27 2 A0 2 YEksith(Sansalone ef
al.[2005]). 2528l &Jate] gk o}A(Zn), 72l (Cu), H(Pb),
FFEH(Cd) 59 5458 A -frETel &g 299 T3k AAzt
(indicator)® &-2-¥31 S)tH(De carlo and Anthony[2002]; Zhao et
al.[2010]; Apeagyei et al.[2011]).
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S5 skt a7)e] P o R HEE A, 2015
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&R QIsk =2 @ o] 2= L Sltt(Jeong er ol [2016]). FAT
Syke]a| o] o] oA Haa5Ae WQL sk 255 o8t
80% <], CODEE 1.0 ppm ©]3fo]H] FE4-2- aho] 323 o]
A b}, EES, SFe] ANk S SRS (Water
Information System, http://water.nier.go k)& 53 #|&2Ql ZA}
7} o]FojA) 3L gl g U] T AR fle Adolrh wh
2hA] 1 Aol M= 19ke s ST AIZE A= AL Sl FAF
GRE Fe] 2R TS sl A-fES Wl 8
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Fig. 1. Map of sampling sites for stream water in Busan, Korea. Red circles and blue stars indicate sampling sites during non-rainfall periods

and rainfall events, respectively.
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FAvte 2 flEE 2HH(0C1-0CT7) 97HSY1-SY10)2]
1771 373l wiste] 2015 102, 12€7 20160 22 F 33]°l 4
A skE AFABIATHFig. 1). 7974 3T ATAZNE U
L= AFAA(SY1-SYS)T 2337} =] skoE A=
A (SY6-SY10)0 & Hi3Iith. Z49-fE 20161 29
12~134 @739 61.6 mm) Z-F-A] 1171 A-olA] A1, &
7] el AlEE W AjFske] F AR 7= 20700]CkFig.
1). AFE RS gl A -fiEs Al A A (class 100)
ylellA] vlg] AREEe] FAZE S8E 35 0.4 um E7hRM|0]
E u}o] 7] (Whatman 47 mm)&E o] #3o] €243 gJapto s
TESHth &Y TR S Y o E AsE s
(Ultrapure grade, Merck Co., Germany) ZAHHNO,)S 713l pH 2
olsl® BESGILE AR AFslo] A HREAl ds 5
et 7 AF AlE g EekE Alo] X (petridishyell RAsI3AT

22 F335 24

4 TEES 583 dAEgle] Ay Suknt A9 &
29 7](Inductively Coupled Plasma Mass Spectrometry; ICP-MS, iCAP
Q, Thermo Scientific Co.)2} A3} #4& 4= Q= =S A
53} #4] A] 2~ ®l(seaFAST, Elemental Scientific Inc., USA)O. %
Cr, Co, Ni, Cu, Zn, As, Cd & Pbo] 87 F492E A9k
AP FFEE RS 60 mL AR 47 (Savillex™, PFA)
Y31 35S (ultrapure grade)2] EAHHF), ZA2HHNO,)S 71t
7hdgtol A 180 °C 24413FsRE 7Fasto] ehdwsl A7 7 S
Aa1ste] 19% Zako 2 AGsiAlA ICP-MSZ F43Hth, 24
S A TEE AR AEeE A5Eh] S8kl sl
5% %2749l SLRS-6(National Research Council, Canada),
At FF4 54 SLEW-3(National Research Council,
Canada)?} E21E ¥7E2°0 MESS-4(National Research Council,
Canada)= A58} 97 Aejsto] 4Rt szl via< %
FE=42 SLRS-62] 5% 358 (0=5)" 88.3%(Cu)~104.0%
(Cd), SLEW-32] 3]5&(n=5)2 80.7%(As)~110.6%(Ni)= & st
Ag Ao, MESS-4(n=5)2] 3552 90.4%(Cd)~110.6%
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Fig. 2. Spatial distributions of total concentration for heavy metals in

(As)= vii-f- 3 AIE Bt

[
AR

Co (ug/L)

0.0 -

ocC-1
0C-2
0OC-3
0OcC-4
0oC-5
0OC-6
oC-7
SY-1
SY-2
SY-3
SY-4
SY-5
SY-6
SY-7
SY-8
SY-9
SY-10

Sites
35

3.0 4

254

204

Cu (nglL)

0.5 4

0.0 -

oc-1
0oC-2
OC-3
oCc-4
oc-5
oc-6
ocC-7
SY-1
SY-2
SY-3
SY-4
SY-5
SY-6
SY-7
SY-8
SY-9
SY-10

Sites

0.9 -

As (ug/L)

0.6 4

0.3 4

0.0 -

0OC-1
0C-2
OC-3
oc-4
oC-5
0oC-6
ocC-7
SY-1
SY-2
SY-3
SY-4
SY-5
SY-6
SY-7
SY-8
SY-9
SY-10

Sites

3.0

25 A

204

Pb (ug/L)

0.5 1

0.0 -

0OC-1
0C-2
0OC-3
Ooc-4
oC-5
ocC-6
oc-7
SY-1
SY-2
SY-3
SY4
SY-5
SY-6
SY-7
SY-8
SY-9
SY-10

Sites

stream water from Oncheon and Suyeong streams.

Fig. 20 YePt}, o} (Zn)2] Hs%7F 25.99 pg/L= 4% &
S9a T 7P =3k, ofd (Zny>E] (Cup>HZ (Ni)>H 2 (As)>
F(Pby>TF(Cr>ZHE(Cop>7t=F(Cd)2] ot MsAS
(coefficient of variance; CV)’} >100%% %35 X|jof] u}E =
ojio] & Ao& F7 Q19Al 29l 9%t JFo| =2 S 1}

ERATH(Phil-Eze[2010]). ZF 948 CVE Zn 194%, Cd 158%, Pb
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Table 1. Comparison of mean concentrations of total, dissolved and particulate phases (ng/L) and coefficient variance (%) in stream water.
Relative percentage of heavy metals between dissolved and particulate phases relative to total concentration in stream water during non-
rainfall periods and rainfall event and other literature data

Cr Co Ni Cu Zn As Cd Pb Reference
non-rainfall periods (concentration; pg/L)
Total 0.561 0.131 0.859 1.177 25.99 0.683 0.041 0.624
Dissolved 0.077 0.078 0.690 0.577 9.77 0.508 0.024 0.053 This study
Particulate 0.484 0.053 0.170 0.600 16.22 0.175 0.017 0.571
rainfall event (concentration; pg/L)
Total 9.854 1.680 3.933 29.872 174.84 2.253 0.343 13.341
Dissolved 0.192 0.237 1.411 2.121 10.43 0.623 0.018 0.145 This study
Particulate 9.558 1.437 2.553 27.086 156.89 1.659 0.317 12.793
non-rainfall periods (CV; %)
Total 62 53 54 68 194 44 158 140
Dissolved 56 69 67 45 247 53 156 211 This study
Particulate 68 74 47 116 243 63 188 137
rainfall event (CV; %)
Total 188 155 92 147 96 140 107 110
Dissolved 76 110 41 67 73 63 54 150 This study
Particulate 194 165 135 161 108 174 115 115
non-rainfall periods (relative percentage; %)
Dissolved 17.2 59.4 74.8 55.3 443 72.0 65.7 11.4 .
: This study
Particulate 82.8 40.6 252 44.7 55.7 28.0 34.3 88.6
rainfall event (relative percentage; %)
Dissolved 7.9 29.5 48.4 19.6 12.9 39.7 12.8 23 .
: This study
Particulate 92.1 70.5 51.6 80.4 87.1 60.3 87.2 97.7
Dissolved phase (concentration; pg/L)

Yeongsan River 1.20 0.16 11.2 1.96 5.80 0.67 0.06 0.38 Kang et al., 2009
Taehwa River - - - - - 0.5~6.3 - - Hong et al., 2016
Shihwa stream - 0.6 2.4 1.2 1.4 - 0.01 0.2 Jeong et al., 2017

Particulate phase (concentration; pg/L)
Taehwa River - - - - - 0.03~0.31 - - Hong et al., 2016
Shihwa stream (urban) - 0.4 0.9 1.9 8.8 - 0.03 1.9 Jeong et al., 2017
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O|A|= ko), TN BE QAT AN SRR AT S5 T 82.8%, 88.6%= AHAISkL AlleH, Cust Znd
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o Ut B AsE BHRE AT w5 S £9 SR GAPHZn A19), 7RISR 7Y EAlEkE AlskE st
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ol5 B3 9le] YIS vk FoR wE) TR &
ST T T T SN ARV TEE] AR vES A el ] BeEert 0.899 pg/LE 2330l v)s) 1.84) 52
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Fig. 3. Comparison of total concentration of heavy meals in stream water from Oncheno (OC), the upper (SYU) and down (SYD) parts of
Suyeong streams. Asterisks indicate that there are significant differences between the groups (p<0.05).
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32 AR SR B BE H YR Z25 s HIW

Z9A] s Ul 54 F952 Zntt Ce] HubsE(10.43 g/
L)o} #HAFE(0.018 pg/L)E X310 H, Zn>Cu>Ni>As>Co>Cr>
Pb>Cd2 H7d9-Al9h fARE 5igz0] 9l ok, Aol Cuzt Ni
of Bl S=rb A oz SISt el &= A el
Al SFRAY o R A5 82 Y vt Tk wE
5 Ve FdRteME HARAGNE 88 T
St sgkont, Sy28) SY3 AN Fu&e] 5 & Fo
S7¥ete] A4 W AoidS B3 2252 felel ISl
O 7 gkt A 85 a5 Fats e vl
3 CdE AT FEHAT) 1.1Zn)~3.0(CuHl H& 2435 1
TH(Table 1).

QA FF50] BisEE Zn>Cu>Pb>Cr>Ni>As>Co>CdE
H7de-Alel vlal] obxl AvE Bl 1A 2 =
Fro] LA} SF50] B3l 1.8(Ni)~88.5(Pb)Hl & st}
Ao whg} 2oli= oy, AFHIRE 5 -8kFolA st 5
7Feh 739l BHEAL] FHEEE 106.7 mg/LE HIZ--Al
9.0 mg/LE °F 128]) =7t =9t AAl F 5255 T YAV
0] AABR= vl Cr 92.1%, Co 70.5%, Ni 51.6%, Cu
80.4%, Zn 87.1%, As 60.3%, Cd 87.2%, Pb 97.7%% H]7}-$-A]
of vl YA}t A= HlEo] & FOo® FUHSS & T U
ATH Table 1). Wk 45900 HA ] W EFEo] 7%

Y 3 7
A

o
32 T o Moo

TE L4
O m

FrErol BAS Bl HUHAL A4S HARY A 59 9
TS A WA UE RS X 5 AT B AT v

2 BAAY 2T U 8834 AV Su5 5 B
B7-Ale] Bl F71ske A o® BaE vl gltk(Xanthopoulos
and Hahn[1990]).
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H @ el ols7t HaL 9low, 58] A -REF (T RET)H
Azhe v FE AA S e Ao R B iE 3 gl th(Sanudo-
Wilhemy and Gill[1999]; Brezonik[2002]; Buffleben et al.[2002]).
ATUHOR QI wA NS A, k2, FAPg, WY 53 22
EFTee S/PI7IEA A Aeols A-RESE olE
o} W2 S0 R §EA)7]7) wjio] AR o] xjAF ol B
3 gl WSk oF7|3h (Mays[2001]), FAIA 2] BF5E W@

=

=TT 6
AL QA FImA o 60-100%E 2ASH= F 02 Had vl gl
tHLindholm[2004]; Lu and Weng[2006]). F-AF4IA] A 4| 9] &

F4 o] BHH|EE 30.3%(234.2 kmP)e]H, AH9Jel L4543}
F7e] AAF YT, QAT T T EFETES 70% oY

O% =31, 7P Al BERTHAELS 45.7%(45.1 km?)

ATHNIER[2014]). 53] E2& TAA|Y E5FHe] & BEs
2B, T Bl 5 BAAA AR 21 AAdE o] ¢
AzAleles =2 9ol H450] e Tas, f7]1E) 1552
299 =HEA gAEe] MokE Ay §lo] sk o AR
Ued7h, sk 4 9 e Al ofddks viAE AoE w3l

u
THStone and Marsalek[1996]; Legret and Pagotto[1999]; Sorme
and Lagerkvist[2002]; Yunker et al.[2002]). & A7o-E 9] 7
G SR Ul R T s ule-Alel vlsl 2 Fow
F7keke A% U, 9] QdAele] Tl EAlshe o,
w2, ZAE FAE] Sl HAEo] gl wet sk
AAROE FUH JFoE e,

3.3 525 2=t folA "ot

Aol A BIZFA A g R B9 0% A&
o7 {FEH7] well, siFYENAS] BE7]E=(MOF[2013])2) &
EHWE AT Cus B AlelE BE A7), A9
A A71712(1.2 pg/l) 018k W2 FEE Hlow, Aol
97 AFGoN ©71712 (3.0 pg/l)yS 23k Q= Ao R
YeRsth Zne B17-AlG S 97 3 AGellA] 71711

Table 2. Assessment of sediment quality by metal concentrations in particulate phase from non-rainfall periods (N=51) and rainfall event
(N=20) of stream water based on the sediment quality guidelines (SQGs) for freshwater sediment (NIER, 2015)

Non-rainfall periods

Rainfall event

Class 1 Class 11 Class 111 Class IV Class 1 Class 11 Class 111 Class IV
Cr 41 10 0 0 18 2 0 0
(80.4%) (19.6%) (0%) (0%) (90.0%) (10.0%) (0%) (0%)
Ni 44 7 0 0 20 0 0 0
(86.3%) (13.7%) (0%) (0%) (100%) (0%) (0%) (0%)
Cu 21 30 0 0 3 9 8 0
(41.2%) (58.8%) (0%) (0%) (15.0%) (45.0%) (40.0%) (0%)
7n 20 14 15 2 1 7 12 0
(39.2%) (27.5%) (29.4%) (3.9%) (5.0%) (35.0%) (60.0%) (0%)
As 22 29 0 0 12 8 0 0
(43.1%) (56.9%) (0%) (0%) (60.0%) (40.0%) (0%) (0%)
cd 22 29 0 0 0 7 13 0
(43.1%) (56.9%) (0%) (0%) (0%) (35.0%) (65.0%) (0%)
Pb 30 19 2 0 5 11 4 0
(58.8%) (37.3%) (3.9%) (0%) (25.0%) (55.0%) (20.0%) (0%)




210 sl - o1 d - HRY -7 -
11 pg/LE 2k 0w, AFQTEA] 1T SY20llA= 332 AR
7] B 7171534 pg/llye skl sleh vA] 854 5
T 7] olshe] v EEE UbERE E‘r FAlelE 72 9
o] A EA Ni, Cu, Zn7} A7)715S 233815 01, 3717
5 2ehs w5 SISt

ST S A TEES A sk 52 A Y HAEo
Aol A &H0R JFg v|AAl At Sy ST
14 AAEE SHE AR Tas 3 9B PIEEHEE Y
9l ot Al 2015-687%)S o]48lo] AT TEES LAEE
B7FFATHNIER[2015]). 29715l SJshd AX =2 579
Hofiol [ 53 Aol e 7FsAdol §le, Il 55 5
Uebd 71s7d0] S, 1l 55 5790] Uehd 7Fs4de] n
o, IV o5 540 Yebd 7hsAo] vl 550] 4 AR 2
Ao RE AREslslsict. & AolA vIAl AV THEe] &
T %5170 A1E Z Cr 1070, Ni, 770, Cu 3070, Zn 1470, As 2970,
Cd 2970, Pb 19717} 11 55l 33= A TH Table 2). Cr, Ni, Cu,
As, Cd =7d0] Uebd 7Fs/go] wlind] & 1l o3 ol 8
A0 % VRt ey Znd 15709} 2719] o] 242t 1 St
IV 3ol sig=e] 25do] A7kt 9 & 4= AT Z4-9A]
% 207} A& % Cr 270, Cu 97, Zn 770, As 87), Cd 771, Pb 11
W7H 558 2ol s lom, Ni BE Als7 16w

off ad=IAct. 1t Z-Alell Cu, Zn, Cd, ] 212} 871(40%),
1270(60%), 1370(65%), 470(20%)7} A2 Ao H2do] veld 7}
o) HlwA =S 1 532 QANEE el

E3 A9 (geo-accumulation index)y= 78 $54 949 2U9EE

F7RP] S8l theat 28 Aol 2Jate] AkEth(Muller ef al.[1969]).

2

_1

OQ
)

R
)

Igeo =L ( Cn
geo=Logy( 72 )

C.7} B.& BA% 5ol s w2 oulah, 1.5 %|217] o]
o3t JskS W As7] 98l AFEE T} v]73 5 %= Rudnick and

%

Gao[2003]18] #]Z}2 —;—: =5 o] 8313t} Igeod] AAHA =
Table 301 LFEFATE BI7$-A] Hits T Zn>Cd>As>Pb>Cu>Cr>
Ni>Co®] =02 #|Z}o|| H]3| Znﬁr Cdo] ¢do] Ast 54E 1l
t}. U]79-A] Cr, Co, Nit= unpolluted, Cut= slightly polluted, As,

e ARl

“UEE

Pb moderately polluted, Zn, Cdi= moderately to heavily polluted2]
QAEIE Rt Z-Alell= Cr, Co, Ni 2%%5Ho] WA
skow, Asi= 232 Hf Igeo®] Fhel 1.50014 0.9% 7F4sISich
Cu, Zn, Cd, Pb2] 37 Igeo #ko] HIZ-Alel 3l F71815] 0,
53] Zn¥} Cdo| Z+Z} 3.7(heavily polluted)} 4.3(heavily to extremely
polluted)®] 412kst @ el = vrebstke, 294 FRaale] Bt
F5 106.7 mg/LE H)ZH-A] 9.0 mg/Lell H]3l 128 F7Fsksl e
o, A= U SE5e] w5k GA A SR s 1o, 3
FETE Sl O SuSol sxloR flHe AS &

AT

3.4 UX-BE BtliAls- R AR 2

QIA}-8<= Bl A5 (partition coefficient; K )&= A3Ferd 3} @
A=A EYAE olFfsl] skl AREEY, I S5 e
Aol A1 Agre] 718k AeE veh| o vhe 22 2ol 2
3o ARFEITHNg ef al.[1996]; Turner[1996]; Vesely et al.[2001]).

Total concentration of particulate phase (mg/kg)

Concentration of a dissolved metal in water (mg/L)

H]7+$-A] logK = Pbo] 6272 7F4 ™, Pb>Cr>Zn>Cu>Co>

log1o Kd

Sal.. .
RLLITTT

Metals

Fig. 4. Plots of partition coefficient (logK,) values in stream water
of the present study.

Table 3. Average Igeo and contamination levels of particulate phase in stream water

Non-rainfall periods

Rainfall event

Igeo Contamination Level Igeo Contamination Level
Cr -1.4 unpolluted -1.3 unpolluted
Co 2.2 unpolluted -1.6 unpolluted
Ni -1.7 unpolluted -1.8 unpolluted
Cu 0.5 slightly polluted 1.9 moderately polluted
Zn 2.9 moderately to heavily polluted 3.7 heavily polluted
As 1.5 moderately polluted 0.9 slightly polluted
Cd 2.5 moderately to heavily polluted 43 heavily to extremely polluted
Pb 1.0 moderately polluted 2.0 moderately to heavily polluted
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Table 4. Relationship among suspended solids (SS) and measured metals in dissolved (upper) and particulate (lower) phase of stream waters

SS Cr Co Ni Cu Zn As Cd Pb
SS -
Cr 0.26 -
Co 0.84" 0.26 -
Ni 0.45" 0.46" 0.50" -
Cu 0.29 0.75" 0.53" 0.60" -
Zn -0.02 0.14 0.10 0.02 0.16 -
As 0.34" 0.43" 0.55" 0.24 0.42" -0.06 -
Cd 0.00 0.02 0.12 0.02 0.10 0.95™ -0.05 -
Pb 0.18 0.45™ 0.13 0.30" 0.55 0.07 0.15 0.05 -
SS -
Cr 0.91" -
Co 0.94" 0.98" -
Ni 0.98" 0.96" 0.97" -
Cu 0.96" 0.98" 0.97" 0.98" -
Zn 0.88" 0.76" 0.78" 0.88" 0.86" -
As 0.91" 0.99" 0.99" 0.95™ 0.96" 0.74" -
Cd 0.96" 0.92" 0.93" 0.98" 0.96" 0.91" 0.91" -
Pb 0.96" 0.89" 0.90" 0.97" 0.94" 0.93" 0.87" 0.99" -

“*correlation is significant at the 0.01 level (2-tailed)

As>Cd>Ni2] ol th(Fig. 4). =2 K7k 559471 (A=A
of thgk K13} o] o} Yalell FA o] olFsle] HFA o mE A
TEH R FAEE AE ou|gitt, Al logK e HI7E-Al 2k
PR PRe] 6.19] o 7F 7o Pb>Cr>Cd>Zn>Cu>
Co>As>Ni®] =0 % Yepstth. HIZ--A] Cdo] K #hel e 4.7
oo} ZF9-Al 527 SIS AERE Hlom, Al el
Tt FOR SRS ONE Bk K, a2 Aot Sl
A& & 4 AUUTE Pb, Cu T2 JYA=He & W34 & 7M1
Qlom, 7Zne S<EAEIE EAllsh= A1 0% X% #} QIH(Choubert
et al.[2011]; Schijf and Zoll[2011]). Table 4= F-G-5243} S
FEEES ”ﬂﬂrﬁlé ERHTE. SS9k -84 Cr, Zn, Cu, Pbo]
AHAAdo] 9l o)1=, Cr, Zn, Cu, Pbo] THE g2of] val] w7
AR}l F2tsto] Zﬂﬂﬂﬂb} SN E A EAE] Wit
o7 AvHrt. B9k Ni, Cu, As, Co 7Poﬂb ¥ 5 A7) 9l
AJaL, Zn CdTJr”P /‘hﬂ"’“o] °]9iEP TEA AP FEE0E]
AR AA = R F Je qu B9~ 9 749
Al B 2P TSl %‘:% 91341—1‘21 ol 23 %?JQ
FEA 29 TS 21 3
Kruskall-Wallis testE ©]-8-3fo] 2t Hezte] 9]
3191 © ™, Mann-Whitney U 3! Bonferroni Correction Method &
ARgate] ZF ANE TR el dS HASitE AAH 02 Co,
Cu, Zn, As, Cd, Pb A9 07 {28t 20|17} QI3 2 (p<0.05),
Crot Ni zpo]7} gli= A0 =2 Vet tHp>0.05).
Malmquist[1978]°]l 2J3FH AlZHd 10 mm ©]7¢e] Z4--2] 7
TR 3 H o] Qe E2HAY oF 80%E AAAI7IH,
1 7 mm ©)de] FeAl A o EREUAIE A RET

B3l AAANT = u} QITk(Ball et al.[1998]). FE3H

>

=TIl

Ro7 Wyl

D% (traffic activityy> 215, B#o]3, Elojo]e] ¥4 3o nlm g

AYAIZL Cu, Cd, Pb, Zng =Wl FHA 7] A 22 75
FETE S8 FIH R FTEHE o] 51X tHAlloway and

Ayres[1997]; De Miguel et al.[1997]; Li et al.[2001]; Yeung et al.
[2003]). B3t Ellis and Revitt[1982]= =2WA Wl 5% 824
53l Cd>Zn=Cu>Pbe] FO.Z Fuso] SEH kL AlAlgh
Hh Qleh 2 AtellA Al s W 8 9 AV w0t
Eml S7hslglon, 5l Ak Cu Zn, O, Phel SRS 417
71 R0 bk, e 04 W) SE459 T

Els

Fal ArireleA 7k Eafehd, w2 s 7k 915

e

gt B F 20l AT A % 4 k. 0
o T SARARAE] S ] F150] S
FH&0] FaF 09U A T W vt Fol s A
A} BA ATRE B2 PSREFE B SR felw
gl 71018k e o 5= glgieh. AT St Fje
EAlkE sH Ul B4 skt lgalelel HAse] £31
8 AN e ASH 0 Az FEFS v S} ot
o} e 099l FAL 918 F7H4) 2Abh W e s

ru

EO] A OWE} T Eus %‘—EE Zn¥} Cu7b 22} 25.99 pg/Lo}
1177 pg/Le] B o7 7P 5527} #3kom, Cost Cdo] 747}
0.131 ug/L9} 0.041 pg/LE A EAI8ISTE 797 Aol A 2
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